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January 11, 1991
BYR 91-004

United States Nuclear Regulatory Commissiou
Document Control Desk
Washington, DC 20555

Attention: Mr. Patrick Sears
Senior Project Manager
Division of Reactor Projects - 1/1I
Office of Nuclear Reactor Regulation

References: (a) License No. DPR-3 (Docket No. 50-29)

(b) Letter, NRC to Yankee Atomic Electric Company, dated
August 31, 1990

(¢c) Letter, Yankee Atomic Electric Company to NRC, dated
November 28, 1990

(d) Letter, Yankee Atomic Electric Company to NRC, dated
November 26, 1990

(e) Letter, NRC to Yankee Atomic Electric Company, dated
December 11, 1990

Subject: Reactor Pressure Vessel Plan
Dear Sir:

The NRC Safety Assessment of the Yankee reactor pressure vessel
(Reference (b)) required Yankee to subm't a plan to address the uncertainties
contained in the Safety Asse.sment. Upon clarification from the NRC staff,
the submittal was to be made 60 days from startup from the 1990 outage and not
60 days from August 21, 1990 as stated in Reference (b). The outage startup
date was November 11, 1990.

The plan for addressing the uncertainties are attached. The plan covers:

| Inspection methods for the beltline welds and each beltline plate to
determine if the metal contains flaws (Attachment A).

2, Testing on typical Yankee vessel plate material to determine the effects
of irradiation, austenitizing temperature, and nickel composition on
ewbrittlement at S500°F and 550°F irradiation temperatures (Attachment B).

3. Sampling of the circumferential and axial welds in the beltline
(Attachment C).
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ATTACHMENT A

REACTOR VESSEL INSPECTION

INTRODUCT 1ON

Yankee presented its preliminary inspection program to the NRC staff during a
meeting at the EPRI NDE Center on November 1, 1990, The discussion with the
NRC included methods to implement the inspections, how they would be
qualified, and the inspection schedule. The NRC Safety Assessment requires
Yankee to demonstrate the methodclogy for inspection by the end of the present
fuel ¢ycle but does not require the performance of the inspection at the next
cutage. It is Yankee's plan to demonstrate and perform the inspection at the
next outage. If for unforeseen reasons the inspection cannot be completed,
then the schedule will allow us to use the following outage for a follow-up
inspection.

OBJECTIVES

The inspection objectives are!

l. Perform an inspection of the vessel shell, in the beltline region, behind
the thermal shield from the cladding surface to a depth of 1" into the
base metal. Inspections shall be performed such that a 1/4"
perpendicular planar flaw can be resolved at the base metal surface and
through the inspection volume,

2, Develop a method to discriminate and size flaws detected in Item 1.

3. Qualify equipment, procedures, and personnel to ASME Section XI,
Appendices 7 and 8, or to a qualification procedure which meets the
intent of these appendices.

INSPECTION METHODS

The inspection methods for the Yankee vessel arc controlled by the limited
access behind the thermal shield, the resistance welded cladding, the specific
inspection objectives (detection, discrimination, and sizing), and the
inspe~t! m vendors integrated technology. The beltline inspections will be
performed with a combination of eddy current and ultrasonic techniques. The
specific methods will be defined when Yankee selects its inspection vendor.
The selection process is under way with three vendors under consideration.

QUALIFICATION

The inspection methods for the beltline near surface examinations will be
qualified to the intent of ASME Section XI, Appendix 8., Yankee currently is
developing a qualification plate and practice blocks which will have the
required number of near surface flaws in the proper distribution of size and
location, The qualification plate will be carbon steel and clad with a
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similar material and process as used on the original vessel cladding o1
acceptable alternaiive, The flaws w be implanted using the Hot Isostat
Pressure (HIP) process The qualit ation t k and practice | kg ar being
fabricated through the EPRI NDE Center. 'he NDI enter will be resg
tor the gecurity of the gqualiticat ! K a the ialiticat ! ! 88
They will administer the qualification tests jointly with Yankee.

To satisfy the inspection objectives, Yankee will inspect a right irculat
cylinder with an upper ! d of 9 below the vegsel flange parting iine;j «
lower bound 7'-9" below the upper bound: an inside diameter equal to Lhe
inside Diameter (ID) of the vessel} and ar itside di ter of | + 244 .
Yankee will use the upper and lower t 1 dimensions Ut efine the Deltlilx
consistent with LOCFR50, Appendix (1989), Paragraph II.F. The inside and
outside ¢ rs define the volume required t inspect both beltline welds
and plate.

[t is an objective of the inspect to examine )0% of the surface area to a
ade r"‘ i ! as defined at ve . [here may be 1L10N08 I a ess r geomeLry
which prohibit a 100% examination., These prohibitions will be in large part
due to specitic design restrictions f the inspection equipment fankee will
define these limitations, if any, when a mplete inspection g Kage 5
developed by the inspection vendo:

FLAW FINITION

ASME Section \\l, I86 Editior s will be 1 ¢t el £ [ laws . o Pe ifically
INB-3510 will establish the acceptance criteria for surface and subsurface
flaws. Flaws which are allowable per IWB-3510 wili. be acceptable for
continued service. Yankee intends to use Table IWB-351 specifically for
eddy current examination criteria. A surface tlaw, which 1 Accel le t«
[WE~3510~3 using eddy current inspection methods, will be nsidered
acceptable for continued service without evaluation.

SCHEDULE

Yankee intends to make a preliminary determination of the s pe a 4 t
inspection by February 191 . In early July 1991 a final detern t t tt
scope of the 1992 outage wi beé madt in 1L ¢ test ¥ I the 1 pecti
package is planned to begin in November 1991, Tooling is planned to t
delivered to the site in April 1992 with inspection a>tivitie eduled 1
early May 1992,




ATTACHMENT B

TEST REACTOR IRRADIATION

INTRODUCTION

Yankee met with the NRC on November 20, 1990 to discuss a proposed Test
Reactor Irradiation Program. A submittal (Reference (d)) was made to the NRC
describing the program and concurrence was received for the program from the
NRC in Reference (e). A summary of the program is as follows. This is an
update of the program described in Reference (d).

TEST OBJECTIVE

The objective of the Irradiation Test Program (& to characterize the
irradiation response of representative Yankee reactor vessel beltline plate
materiais and to remove uncertainties in the analysis of existing irradiation
data. The uncertainties to be clarified are associated with the response of
the beltline plate material to irradiation temperature (500°F versus 550°F),
microstructure (coarse versus fine grain), and nickel content (high versus
low) as described in Reference (b),

TEST MATERIAL SELECTION

Candidate plate materials for irradiation testing should have chemistry
contents which closely match the contents of the Yankee beltline plates. The
chemical elements of particular interest are copper and nickel., The plates to
be matched are the Yankee lower and upper shell plates. Material (YAl and
YA2) has been found which approximates the copper and nickel content of the
lower plate (Table I) and it is proposed that these materials be used for the
irradiation testing corresponding to the lower plate. For the upper plate,
two materials (YA8 and YA9 in Table II) have been identified which approximate
its copper and nickel content, VYankee has possession of YAB and has access t»
YA9. The preferred material is YA9 because it more closely approximates the
other elements in the upper plate.

REFERENCE MATERIALS

Reference material will be used in the test program to verify irradiation
results. The YAl and YA2 materials were previously tested and results
reported in a study published by R. Hawthorne in 1975 in ASTM STP-570

(pp 83-102). YAl is "plate 2" of the study; YA2 is "plate 1" of the study.
These plates were irradiated at several fluences in the :range of interest and
in both longitudinal and transverse orientations. These results can be used
to benchmark results from the proposed test program. HSST-02 material is also
available from the Heavy-Section-Steel-Technology (HSST) Program and will be
used, HSST-02 plate material has been irradiated in power reactor (PWR)
surveiilance programs and these results can be used to determine flux rate or
power versus test reactor effects on the irradiation test program.
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ATTACHMENT B

TEST REACTOR IRRADIATION
(Continued)

The following dosimetry wires will be used in each capsule containing test
specimens:

DOSIMETRY WIRES 90% RESPONSE RANGE
Ni 2.1 - 7.6 Mev
Fe 2.5 - 7.8 Mev
Co/Al Thermal
Ag/Al Thermal
Nb 0.6 - 6.0 Mev
U-238 1,5 = 6.7 Mev

The U~238 will be encapsulated in either vanadium or stainless steel., It will
then be placed in a gadolinium cover and finally an aluminum cover,.

A calculation has been made of Displacements Per Atom (DPA) at the inside
surface of the Yankee reactor vessel, The result was compared with a similar
calculation at the center of a capsule containing specimens in an incore
position of the Buffalo test reactor. The neutron spectrum at an incore
position in the Ford test reactor should be similar to the Buffalo reactor.
The thermal neutron contribution to the DPA at the inside surface of the
Yankee reactor vessel was about 1.2% and 0.3% at the center of the test
reactor capsule, The contributions to DPA from thermal neutrons is small for
both the Yankee reactor vessel and the test reactor. Therefore, the
irradiation test results from the tes reactor should be applicable to the
Yankee reactor vessel plate material,

SCHEDULE

The first irradilation is scheduled to start in March 1991, To achieve the
target fluence of 3El9 n/em®, a test duration of about 3 months is required,
The second irradiation is expected to start in June 1991 and take four months.

CONCLUSIONS

The Irradiation Test Program is designed to accomplish several objectives,

l. Show the irradiation sensitivity of material microstructure anc’or
material heat treatment by irradiating the same test material with a fine

and coérse grain microstructure.

2. Show the effects of irradiation temperature by irradiating the test
material at 500°F and 550°F.
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ATTACIMENT B

TEST REACTOR IRRADIATION
(Cont inued)

Develop the YAl plate as & bounding material for the lower plate, The
copper and nickel content of YAl has a higher chemistry factor than the
lower plate. It will be heat treated to develcp equivalent
microstructure to Yankee plate and will be irradiated at a teomperature
(500°F) equivalent to Yankee's irradiatiou temperature.

Provide test data for a high nickel plate to compare with the Yankee ER3
plate irradiation data to show the nickel zffect. The BRI data is for a
Yankee plate of similar copper but lower nickel content than the test
plate.

Confirm Yankee and BR3 surveillance results by testing YAY material which
is representative of the upper plate,

Produce at least two, and, if time permits three, fluence data points tu
define a transition temperature shift versus fluence trend for the (Al
and YA9 materiale that would bound Yankee materials.

WPP77/241



Attachment B
Figure 1

Heat Treatment Qualification
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Figure 2 AT TACHMENT B

Irradiation Test Matrix for Lower Plate Material

A302-B Low Cu, Mod. Ni

Fivence
. Exposure
S00F S8CF
Exposuse Eiposure
572" ¢ YA/ YAZ | Refeysrce W72 | | AY/WA2 Reterence
Coarse Zirain Fine Grain ‘ Materiatl [Coarce Grain Fine Grain Material
Longitudinal Longitucinal . Longitudinal . Longlitudinat Longitudinat Longitudinal
-~ Specimens Specimens 8pecimens Specimeane S8pecimens Specimens

3.C E19 n/cm-2 >1 MeV

o i < 50 E1S n/cm-2 >i MeV



ATTACHMENT B

Figure 3

Second Irradiation Test Matrix for Upper Plate
and Lower Plate Material

A302-B Low Cu, Low Ni

Fluence
Exposure
sSo0er : S00OF
Expoccare Exposure
™me WA
Fine Coarse Coares
Grain Grazin Grain

Longiteding! Lrnglitedinal Longitudina!
Specimens Specimens Specimens

1.0 E19 n/em-2 >1 MeV
Target Fluences 3.0 EM n/cm-2 >1 MeV
50 E19 n/em-2 >1 MeV

Three capsules wili be used. The 5.0E19 n/cm2 capsule
remains in the reacter for the entire run. The 3.C519 n/cm2
capsule is puiled and replaced with another capsule for
the 1.0E19 n.cm2 irradiations.












ATTACHMENT ¢

WELD SAMFLING
(Continued)

are being prepared to assure code acceptability of the proposed sample
locations and depressions using the flaw evaluation rules of ASME Section X1,
IWB-3610 (d), which applies the criteria of Section II1 of NB-3213.10 and
NB-3221.2.

SAMPLING METHOD

The method of sample removal is expected to be by Electric Discharge Machining
(EDM). Other possible sample geometries and methods of removal , however, are
6till under consideration.

ESS C N

All of the proposed sample locations, sxcept one, are located behind the
thermal shield. The ehield, shown on Figures 3 and 4, is made of 3" thick
6tainless steel plate. The radial gap between the thermal shield and reactor
vessel wall is nominally 2", with some areas expected to be approximately
1-1/2".

While it would be preferred to take samples from behind the thermal shield, it
is anticipated that access holes will need to be machined through the thermal
shield. Two large access holes at the weld intersection points and one
smaller access hole for the upper axial weld are being considered.

The large holes would be sized to allow access to all three sample sites, The
access holens will then be repaired. The repair plugs will be installed using
mechanical methods without welding. The plugs will be positively secured,
with bolting designed to preclude loosening during anticipated operating
conditions,

The thermal shield accese hole plugs and hardware will be fabricated of
stainless steel.

SCHEDULE

Code calculations will be completed in January 1991. A preliminary
determination of the scope and method of sampling is scheduled for the end of
March 1991, Demonstration testing is scheduled for early 1992, and actual
sampling will take place during the spring 1992 refueling outage. The
chemical content of the samples will be determined within days of the sample
removal .
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Attachment C

PROPOSED
SAMPLE
SITES

Figure 1



~ Outslde

7+7/8 min,

—v--v\'—-n-~

Attachment C

: A
/ 7 \\
p
Y
// 7 ,'\
Fd ) 7 //
7 .
/‘ Va '/‘/ /f.’
i i Y
/ R g ‘./v‘ ’f‘ k
s P 4
. Y 7
// // /7 g
/ A

app. /2" to base metal -’

\ J09' Cladding

Figure 2

\— Weld Deposlted
308L Ciadding

29Cr-ONiI Butter
Manual Arc Weld Surface Prep.



Attachment C
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Attachhment C

RADIAL PINS

SECTION A-A
DETAIL OF LAP JOINT
EVERY 90 DEGREES

SUPPORT LUGS

Figure 4
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" ATTACHMENT D
SURVEILLANCE CAPSULE
INTRODUCTION

The NRC Sufety Assessment (Reference (b)) requires the installation of
surveillance capsules in accelerated irradiation positions in the Yankee
reactor pressure vessel. In a meeting with the NRC staff on

September 18, 1990, the intent of the requirement was clarified. The
installaticn of the capsules was not to be required until the outage after the
1992 outage because the capsules were to contain weld metal specimens which
cannot be obtained until the weld chemistry is determined at the 1992 outage.

ORJECTIVE

The objective of re-establishing a surveillance program in the Yankee reactor
ie to show irradiation effects on material similar to Yankee beltline plates
and weld under actual Yankee irradiation conditions.

MATERIALS

The materiais to be placed in the capsules will be representative of the
beltline materials, YAl or YAZ from test reactor irradiation program
(Attachment B) will be used to correspond to the lower plate, and YA9 will be
used to correspond to the upper plate. The selection of the weld metal will
depend upon the chemistry content determined by weld sampling (Attachment C).
Once the chemistry is known, similar material will be found or manufactured
for placement in the capsules.

LOCATIUN

The locations of the capsules are being chosen based upon available space and
the amount of accelerated irradiation the capsules will experience. Locations
between the core barrel and the thermal shield are being considered. The
capsules would be attached to either the barrel or thermal shield, The
neutron flux assoclated with these locations is being calculated, A lead
factor of 4 to 8 is desired.

CAPSULE DESIGN

‘he cajsule design and installation details will be based upon the locations
selecved, The configuration, contents, and dosimetry will be determined once
the location and weld chemistry are established.

SCHEDULE

A list of candidate locations and attributes will be complete by the end of
March 1991, Selection of locations will be made by the end of April 1991,

The tooling and hardware needed for installation will be designed and procured
by the end of 1991, Our intent is to modify the internals for capsule
installation during the 1992 outage and install capsules during the following
outage,
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